Background: Community based cervical cancer screening models using self-collection can effectively place the identification of who is positive in the hands of the patient. The key areas we have identified as critical are 1) education, 2) notification of screening opportunities, 3) registration, 4) submission of samples, 5) receiving results with an explanation, and 6) being advised where to receive evaluation and management from qualified healthcare personnel. Methods: Our primary objectives were to create, register, and pilot a website as a public platform for cervical cancer prevention for both city and rural, individual and organizational application. We selected two sites: Shenzhen City in China as the local city (individual participant) site, and Sangzhi County in Hunan Province as the remote (group management) site. The website was reviewable to all of China, but applications for screening and registration were open only to the women from the 2 pilot sites. In the local site, the women would first sign up (obtain a password) to view the website (www.mcareu.com), and then if they desired, they could register for screening using their true name and their state ID. After an off-line confirmation of the address, the sampling kit would arrive. Results were available with additional education and guidance for care also on the website. Findings: 120,099 people nationwide visited the website in 27 months by the end of May, 2015, 1148 women from the sites registered at the website and 87.5% enrolled in the pilot trial. 72.3% of those testing positive returned for management. Virtually 100% of the registration/historical information was entered appropriately and 100% of the samples were handled properly. Interpretation: Web-based decision aids help patients through the uncertainties of healthcare. Applied to cervical cancer screening using self-collection, the effectiveness of the model specifically in re-* Corresponding author.
Introduction
Self-sampling technologies for cervical cancer screening have been studied for more than seventeen years. These studies have primarily focused on improving the accuracy of self-sampling and defining its role in screening programs [1] - [8] . Recently our group reported the development and evaluation of a community based model for cervical cancer screening based on self-sampling [9] . This model was based on the concept that population based screening programs could separate the identification of who is "test positive" (the screening) from the hospital or office based healthcare system, thereby allowing the healthcare resources (both human and financial) to be focused on the management of the positives. This model becomes especially relevant when applied to the vast populations of medically underserved. Community based screening "events" gathered self-collected samples, which were then transported to a high throughput central laboratory for processing. The results were returned to local organizers who, with the community leaders, encouraged those testing positive to attend locally arranged clinics for evaluation and management [9] - [11] .
Clearly this model has many advantages primarily because it uses self-sampling for the primary screen. We now know that self-sampling is equal in accuracy to physician collected samples [8] , well-accepted by patients in multiple cultures [10] [12] [13] , easily adapted to medically underserved sites, and it makes massive screening events possible for populations world-wide [9] . The identification of who is positive (or sick) is an enormous consumer of healthcare resources. With this technology, it is possible for much of the logistics of screening to be assumed by the communities, or the women themselves.
Clearly some women have access to hospital based clinics or private doctors and may prefer to seek more traditional "one on one" screening and assessment. In some settings self-collection has been investigated as a possible alternative way to reach the women who simply choose not to attend available clinics [14] [15] .
Although community-based screening models have enabled advanced technologies to reach the world medically underserved, they still need the involvement of the local organizers and the community leaders. Their involvement in the organization of community "events" is necessary to assure accessibility and maximize coverage.
We have learned that there are many factors that impact coverage for a population, and it is very difficult for the screening organizers to control all the variables. Along with maximizing enthusiasm for participation, having clear records of who participates is key both in the cities as well as rural communities. Often the same women get screened over and over, due to their willingness to participate and the total lack of data reporting who has been screened in the past. The organizers of screening programs need organized records to plan their programs and budgets and evaluate the outcomes of their screening efforts.
In China, even in modern cities like Shenzhen and Guangzhou, medical facility based cervical cancer screening has been conducted for more than a decade, with no impact, to date, on cervical cancer incidence and mortality. In fact it has steadily increased [16] . This fact suggests that there must be a large portion of women in cities who have never been screened and/or evaluated for a variety of reasons, or are under-screened according to current guidelines.
In our investigations of screening technologies and healthcare delivery, several issues impacting the efficiency of the screening have surfaced when millions of women are to be targeted. Millions of women need to register for screening and to be notified about their testing results. The community screening organizers who play the key roles need professionally designed programs to provide a platform to assist in planning and implementing the screening. The centralized laboratories need a platform to collect patient's identification data related to thousands of specimens and report thousands of results every day. Finally the clinics need a sharable platform to manage the positives.
We believe that many of issues related to the screening may be more effectively managed through a webbased program. The key areas of need that we have identified are 1) education, 2) notification of screening opportunities, 3) registration, 4) submission of samples, 5) receiving results with interpretation of their meaning, and 6) being advised where to receive evaluation and management from qualified healthcare personnel. We can greatly expand the screening coverage if we have a direct link between the screening resources and the women. The Internet can serve that role. However, to construct an Internet based screening program applicable to mass population based screening, the various components need to be tested.
With these issues in mind, this pilot study was designed to test some of the key components we have identified. We also believe that successful models for cervical cancer prevention may be applied in the future to many other diseases capable of being screened or monitored with self-collected samples [17] .
Methods
Our primary objectives were to create, register, and pilot a website as a public platform for cervical cancer prevention. We were interested primarily whether the targeted women could complete the registration and the management of the self-collection successfully. The website would educate women about cervical cancer prevention and encourage participation in regular screening. The site would enable women to register for screening by entering their demographic and historical details. The web-based program would then provide the women with instructions for self-collection and sample shipment to the central laboratory. After the testing was completed, the results could be found on the website. Finally, basic guidance for what the individual woman should do based on her results would be provided.
We selected Shenzhen in Guangdong Province, China, as the "local site". This was intended to be a convenient location since the director of the screening program was based at Peking University Shenzhen Hospital. Shenzhen is an urban economically-well developed city. Sangzhi, a rural small town in Hunan Province, located more than 1000 kilometers away from Shenzhen was selected as the remote site. Our goal was to recruit 500 participants at each site. By picking these two diverse sites we hoped to learn what elements were related to the "off-line work" of the Internet based screening model that might influence the organization, coverage, participation and the call-back for positive management. In addition, the actual organizational components for managing the positive patients could be explored at the two sites.
Women living in Shenzhen could access the website through the Internet to register themselves, while women living in the remote site (Sangzhi) accessed the website with the assistance of a local coordinator who modeled the role of the community leaders as reported in our community based models [9] . Women living in both sites could voluntarily participate if they were between the ages of thirty to sixty-five, non-pregnant, and still had their cervix.
We identified Peking University Shenzhen Hospital (PUSH) in Shenzhen as the local site hospital and The People's Hospital of Sangzhi Country (PHSC) in Sangzhi County as the remote site hospital for evaluation and management of screen positive cases. The website was reviewable to all of China, but applications for screening and registration were open only to the women from the 2 pilot sites. In the local site, the women would first sign up and obtain a password to view the website (www.mcareu.com), and then if they desired, they could register for screening using their true name and their State ID.
After the woman had completed the demographic/historical data on the website (registration) she was then contacted by a phone call or text message to confirm her address sampler delivery. A positive response was followed by the sampling kit being sent to her registered address.
In the remote site, the coordinator would first sign up as an organization user of the website with authorization to register multiple women, then he/she could help the women complete registration. A sampler would then be distributed by the coordinator to the women with complete registration data. A set of criteria were set up for auto-checking the registration data as "qualified" or "unqualified". To be categorized as "qualified" the entered data had to include all required elements: 1) Name, 2) State ID, 3) Address, 4) Cellphone number, and 5) Informed consent electronically signed by the applier. Any samples associated with "unqualified" data (one or more missing items) would not be tested.
A liquid media was provided with the sampling brush for use with the PCR based Cobas Assay (Roche, Pleasanton CA). The Cobas assay is CFDA (Chinese State FDA) approved and we had previously validated its use with self-collected specimens [18] . All the testing results were placed on the website accessible only by password, user name, and ID number.
In Shenzhen no additional advertisement was done other than the announcement of the free screening program on the website. No off-line contact was identified. All the samplers were shipped to and samples collected from each of the participants separately via a business logistic company trained for transportation of the samples. For the remote site, the Coordinator from the People's Hospital of Sangzhi was assigned the responsibilities for registration assistance, distribution of the samplers that had previously been shipped in bulk, and collection of the samples for shipment to the central laboratory.
In Shenzhen the women could make appointments for evaluation and management in the Center of Early Diagnosis and Treatment for Cervical Carcinoma, PUSH. In Sangzhi County the women could find the date either on the website or by calling the off-line coordinator for when a team from PUSH would arrive at the People's Hospital of Sangzhi County for an evaluation and management clinic.
Results
The study was approved by the Institutional Review Board of Peking University Shenzhen Hospital. From the launch of the website at the beginning of March 2013 to the end of May 2015, 120,099 people nationwide visited the website. 1148 women within the study sites, registered for screening via the website (www.mcareu.com) and 1005/1148 (87.5%) completed the screening. 143 women who registered but did not complete the screening were from Shenzhen. Two had incomplete registration data, eighty-four with complete data did not respond to the phone call or text to confirm their addresses for sampler delivery, and fifty-seven with complete data who responded and received the sampling kits ultimately decided not to participate ( Table 1) .
The HPV positive rate was 15.5% ( Table 2) . 72.3% of the HPV positive women have returned for management ( Table 3) . Proper completion of the demographic information and accurate handling of the specimens was demonstrated by 100% of the screened women ( Table 4 and Table 5 ). Table 4 and Table 5 address the participants' success completing the registration procedures among those actually demonstrating an interest in pursuing the screening and in handling their sample according to the instructions on the website.
Discussion
Web-based decision aids to help patients sort out the uncertainties of healthcare and balance benefits against potential harms have been studied and reviewed in the recent literature [19] [20] . Decision aids have been specifically applied to prostate, colon, breast, and recently to lung cancer screening [21] [22] . Mobile phone notification has been studied to improve participation in screening programs [23] , and a portion of the model we have proposed has been studied specifically for HPV screening using self-collected vaginal swabs [24] . Also, as noted above, the mailing of self-sampling kits has been explored as a way to reach the non-participants in organized national programs [14] [15] . In addition the Internet is extensively employed as an education medium for both patients and their healthcare providers.
In 2012 upon the completion of the CHICAPS project (Chinese Cervical Cancer Prevention Study) it was clear to us the registration process, although simplified, was a critical element that required the most attention during our training of the community leaders [9] . In addition, our experience cooperating with a central laboratory in this project also showed that data-input, as the basis for the results reporting system, was a rate-limiting step which in a mass screening program prolonged the reporting process. There were several other hurdles to be solved if the scale-up we envisioned was to be successful, so as a planning group we needed to answer several "what ifs": 1) What if a full record of screening events were needed so communities could plan and budget for future screening needs? 2) What if more basic medical facilities needed to be involved in positive management? 3) What if more than one central laboratory were to be involved in a single screening project? And 4) what if registration were to occur in other than small village units? We asked our design team if it would it be advisable to consider a web-based methodology to streamline data-input from multiple sources to potentially multiple laboratories, so as to shorten the reporting process and simplify the training of the community leaders. As these discussions continued, the registration process became incorporated into an entire web-based "front end" to the screening process. That enables the necessary information on the subjects to be "available" in the system when the specimens are shipped to the laboratory for testing. If an individual does not have personal access to the Internet, friends or village leaders and/or their administration almost certainly do.
It was with these thoughts in mind that we decided to conduct this pilot study to develop and test the feasibility of a web-based framework to comprehensibly accomplish all the elements in a screening program that are feasible to accomplish without direct physician/health provider involvement. Therefore, the model would educate women about cervical cancer prevention, and provide a mechanism for them to participate in a screening program without requiring a visit to a private doctor or a clinic. The website could instruct them how to do the screening, which would include not only collecting the samples but clear guidance for shipping the samples and receiving results. In addition, the website would provide information to help the women to better understand the meaning of their results and where to obtain skilled knowledgeable management if their test returned positive. Local medical facilities must be either available or special clinics arranged for management of the positives.
Our data demonstrates that using a web-based program we can effectively educate and register the participants in the settings we tested, and it can serve as the database for evaluation and management in both the personal surrogate site (Shenzhen) as well as the organizational screening surrogate (Sangzhi). This suggests that a professionally designed Internet based screening program can provide an effective platform to assist with community based screening. From the data we learned that the registration can be accurately completed by the participants themselves or the community leaders. We also learned the Internet system can assure that only completed demographic data will allow the testing to move forward and be linked to the test results. This we believe is a very important solution for the massive burden of registration data generated in population based screening programs, especially when a centralized laboratory is involved. In addition the link with the laboratory and the record of screening results provides a valuable resource for governments, NGOs, etc., to be able to determine both population and individual participation in screening programs. This we believe can be further automated to avoid the wasteful duplication of precious resources when the same individuals always appear for screening.
It is also demonstrated in this pilot project that the samplers and samples can be shipped by business logistic companies separately to the participants or in bulk to the local coordinators, suggesting that in any remote community, samplers can be shipped directly to the community leaders and distributed by them correctly.
In this project we selected the Cobas Assay because we had previously validated its accuracy with self-collected specimens [18] and it was approved by the CFDA. However, we have only recently demonstrated that Cobas can work well with filter paper-based specimen transport cards which we favor for personal use due to their ease, safety, and cost for transport [25] - [27] . Newer high-throughput and low cost assays once approved will allow their incorporation into our models [28] .
The remarkable number of visitors from project and non-project areas suggests the great public interest and likely acceptance of this type of model for cervical cancer prevention.
We are encouraged by the results of this pilot project. We believe this Internet based model will significantly enhance our prior work developing models to allow today's technology to reach all the people of the world. Clearly one system or model will not work for everyone, but a menu of strategies will be needed to provide everyone with the opportunity for preventive healthcare.
Conclusion
This trial, as is the case with most pilots, is limited by having only two sites and a relatively small sample size from which to base conclusions. However, we believe that our findings are supportive of the concept and provide encouragement to expand this model. Future studies will be focused on how the Internet helps to increase the screening coverage, improve compliance with follow-up recommendations, as well as provide a structure to help standardize a model for community based screening. 
